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Non-Immunoglobulin Fraction of Human Milk Protects
Rabbits Against Enterotoxin-Induced Intestinal Fluid
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Human milk was fractionated by ammonium sulphate precipitation and column
chromatography. A milk fraction depleted of secretory immunoglobulin A and
with an apparent molecular weight of greater than 400,000 inhibited fluid secretion
induced by cholera toxin and Escherichia coli heat-labile toxin in rabbit ileal
loops.

Human milk may protect children from gas-
trointestinal infections (2), and specific antibod-
ies against agents that may cause gastroenteritis
have been demonstrated in milk (4). In addition,
milk has been found to contain non-immuno-
globulin components which may be of impor-
tance for the prevention of infections in infants
(3).

Recently, we have described a high-molecu-
lar-weight, non-immunoglobulin fraction of hu-
man milk which inhibited Escherichia coli heat-
labile toxin (LT) (5), which is known to cause
gastroenteritis in children and adults (8). The
inhibitory activity of the milk was demonstrated
by the in vitro immunological test enzyme-
linked immunosorbent assay (ELISA).

In this report, we have studied the capacity of
milk and various secretory immunoglobulin A
(IgA) and non-secretory IgA-containing milk
fractions to inhibit fluid secretion induced by LT
or cholera toxin (CT) in rabbit small bowel
loops. A protective effect of milk secretory IgA
but also of a fraction without detectable
immunoglobulin was demonstrated.
Milk from a healthy Norwegian woman was

depleted of fat and cells by centrifugation
(40,000 x g, 2 h). Ammonium sulphate was
added to 50% saturation to precipitate immuno-
globulins, and the precipitated and non-precip-
itated fractions were dialyzed against phos-
phate-buffered saline (PBS), pH 7.4. After
concentration, samples of the fractions were
submitted to column chromatography on an
AcA44 column (LKB, Stockholm, Sweden) (6).
The content of secretory IgA was measured by
rocket immunoelectrophoresis, using purified
secretory IgA from human milk as standard (6),
and IgG and IgM were quantitated by single

radial immunodiffusion. The enterotoxin inhibi-
tory activity of the various milk fractions was
measured by ELISA as previously described (5)
and in rabbit small bowel loops (9).

Briefly, the ELISA was performed in polyvi-
nyl microtiter plates (Dynatech Laboratories,
Inc., Alexandria, Va.) coated with 1:10,000 di-
luted antiserum to purified CT prepared in burro
(kindly provided by J. B. Robbins, Bureau of
Biologics, Bethesda, Md.). The plates were in-
cubated for 1 h at 37°C with (i) the toxin sample
preincubated for 30 min at room temperature
with milk fraction or buffer, (ii) anti-CT prepared
in rabbit, and (iii) anti-rabbit IgG prepared in
swine (Orion, Finland) and coupled to alkaline
phosphatase. The substrate disodium para-nitro-
phenyl phosphate (Sigma Chemical Co., St.
Louis, Mo.) was added, and the reaction was
stopped after 30 to 60 min by the addition of 2 N
NaOH. The optical density at 405 nm was read
in a Multiscan (Titertek; Irvine, Scotland). The
crude LT stock solution (1.8 g/liter) was diluted
to 0.2 g/liter to give an optical density at 405 mm
of 0.8 to 1.4 in the ELISA, (100% toxin). Upon
further dilution, a linear standard curve was
obtained. The inhibitory activity of milk frac-
tions is expressed as the percent inhibition of the
binding of LT to the ELISA plate. The antisera
against CT neutralized both CT and LT when
tested in an adrenal cell assay (1).

In the in vivo experiments with rabbit small
bowel loops (9), four dilutions of LT or CT were
mixed with each milk fraction or with PBS. Each
sample was tested in various positions in at least
three different rabbits. Crude LT or purified CT
(Schwarz-Mann, Orangeburg, N.Y.) was used.
After incubation of toxin and milk for 30 min at
room temperature, the mixtures were injected
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FIG. 1. Fluid accumulation in rabbit ileal lc

h after the injection of graded doses of CT wil
fractions or buffer. The fluid accumulation
pressed as milliliters of fluid per centimeter of
Symbols: A, CT; 0, CT plus peak la (0.014 mg/i
CT plus fraction B (3.2 mg/ml).
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into 5-cm-long small bowel loops along the en-
tire small intestine of each rabbit as described
(9). The fluid accumulation and the length of the
loops were measured after 18 h. The 50% effec-
tive dose ED50 was determined as the toxin
concentration giving 50o of maximal fluid accu-
mulation in the loops, and the protection effica-
cy was calculated as the ratio between the ED50
for toxin with a milk fraction and the ED50 for
toxin with PBS.

In each rabbit, a dose response curve for the
toxin in PBS was prepared. When some of the
milk fractions were introduced into the small
bowel loops together with the toxin, a reduced
fluid accumulation was observed (Fig. 1). An
increased protection was obtained when a higher
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concentration of active milk inhibitory fraction
was used.
The peaks obtained after gel filtration (Table

1) were tested at a final protein concentration of
0.16 to 0.40 mglml, except peak la, which was
diluted 10-fold further (0.014 mg/ml). Fractions
A and B were tested at 3 to 4.5 mg of protein per
ml. Some inhibitory effect was found for peak I
after gel filtration of the ammonium sulphate-
precipitated fraction (fraction A, Table 1), which
consisted of 95% IgA. However, considerably
more inhibitory activity per milligram of protein
was eluted in a fraction (peak la) after column
chromatography of fraction B (Table 1), which
lacked detectable levels of IgA, IgM, or IgG.
This indicates that the toxin inhibitory activity
was not primarily associated with immunoglob-
ulins. Peak la was eluted in the void volume, in
front in secretory IgA (peak b), with an appar-
ent molecular weight of greater than 400,000.
There were only minor differences in the inhibi-
tory activity of the milk fractions against the two
enterotoxins CT and LT, which are structurally
and functionally very similar (reference 8 and
Table 1).
When the toxin inhibitory activity was mea-

sured by ELISA, LT was markedly inhibited
(Table 1). Peak la with the highest in vivo
inhibitory activity also showed the highest LT
inhibitory activity in ELISA.

In the study reported here, we have demon-
strated that fractions ofhuman milk inhibited the
fluid secretion induced by CT and LT in rabbit
intestines. Although the IgA fraction contained
some inhibitory activity, most of the inhibitory
effect of human milk was associated with a high-
molecular-weight fraction depleted of secretory
IgA. These results from in vivo experiments
confirm our earlier in vitro studies on the LT
inhibitory activity in milk (5, 7). The correlation
between the LT inhibitory activity measured in
ELISA and in rabbit ileal loops indicates that
ELISA may be used to measure the LT inhibi-
tory activity.

In vitro inhibitory activity of LT has been
demonstrated in the 47 Norwegian milk samples
so far investigated, although the concentration
varied. In this study, only one of the milk
samples was studied in vivo. The study will be
continued with more human milk samples as
well as with milk from other sources.
Although our study clearly shows that secre-

tory IgA was not responsible for the major toxin

inhibitory activity of the milk, we do not know
much about the nature of this activity. We have
chosen to express the inhibitory activity in rela-
tion to the total protein content of the milk
fraction, but it may well be that the toxin inhibi-
tory activity is associated with other structures.
Protein structures, lipid complexes, or polysac-
charides in milk may all interfere with the bind-
ing of the toxin to its receptor on the cells in the
intestine or to antibody on the ELISA plate,
either because the milk component(s) binds to
the receptor site or antibody site of the toxin or
sterically blocks these sites. Preliminary experi-
ments showed that the inhibitory activity was
extracted by chloroform and methanol, suggest-
ing the involvement of lipid structures (7). The
nature of this inhibitory activity is under current
study.

This study was supported by the Norwegian Research
Council for Science and the Humanities, the Anders Jahre's
Fund for the Promotion of Science, Norway, and by grants
from the National Defense Research Institute, Sweden (pro-
ject 506-5129).
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